Introduction {#sec0001}
============

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), also called 2019-nCoV, arose in the province of Wuhan (China) in December 2019. SARS-CoV-2 causes severe respiratory disease coronavirus disease 2019 (COVID-19).[@bib0001] On March 11, 2020, the World Health Organization determined that the outbreak of a novel coronavirus had reached pandemic levels. As of August 12, 2020, there are over 20 million confirmed cases worldwide, with more than 740,000 associated global deaths, according to Johns Hopkins University.[@bib0002] Over the last 9 months, the global population has been facing problems that impact both world health and global socioeconomics.[@bib0003] COVID-19 has been, and continues to be, the focus of concern in a society threatened by the most destructive pandemic since the 1918 flu. Transmission, symptoms, vaccines, and treatments for COVID-19 continue to be investigated, hiding too many unknowns. The immediate strategy to curb the spread of this virus has been to recommend that people carry out a "social vaccination," which involves restricting social gatherings, minimizing public appearances, telecommuting, implementing social distancing, or wear masks as much as possible. This is based on the high transmission ability of the SARS-CoV-2 via large respiratory droplets[@bib0004] and by airborne routes.[@bib0005] Unlike other viruses in the coronavirus family, SARS-CoV-2 infects people who then have little or no symptoms.[@bib0006] Despite all this, asymptomatic COVID-19 positive individuals can spread the virus.[@bib0007] This silent transmission capacity is the main reason this virus continues to transmit and infect the global population in an accelerated and uncontrollable way, in spite of best efforts to control and curb spread. Asymptomatic people manage to eliminate the virus without developing typical COVID-19 symptoms, and this suggests to us that the immune system is relevant and may have the key to beat the coronavirus. COVID-19 affects not only the respiratory and cardiovascular systems but also to the central nervous system (CNS) and gastrointestinal system.[@bib0008] The objective of this review article is to examine whether the SARS-CoV-2 infection linked to gastrointestinal changes, may be linked to specific phases of COVID-19 associated to inflammation. We will also explore the studies on microbiome profiling intestinal immune system in the patients with COVID-19. This review will provide insights for microbiota modification therapy in the early stages of COVID-19, beyond antiviral and anti-inflammatory approaches. New therapeutic interventions might be possible through the restoration of the gut microbiome of individuals infected by SARS-CoV-2 to mitigate systemic inflammation, intestinal damage, and limit the effects caused in the CNS through the brain-gut axis.

Early and Late Stage of the Infection of SARS-CoV-2 {#sec0002}
===================================================

A multitude of epidemiological studies describe different phases in the development of COVID-19. The early or viral phase, shortly after infection, marked by a high viral load and a reduced inflammatory activity, with hardly any symptoms, and which is also associated with gastrointestinal illness ([Fig 1](#fig0001){ref-type="fig"} ). Besides, patients with COVID-19 who had the highest viral load levels at the beginning of the infection and subsequently decreased over time could explain the rapid spread of the disease.[@bib0009] ^,^ [@bib0010] During the progressive or late phase of infection, COVID-19 positive individuals develop most severe symptoms like respiratory problems and fever. Immune cells like neutrophils, infiltrating monocytes, and macrophages produce inflammatory cytokines and reactive oxygen species. Also, respiratory manifestations such as cough, sputum production and shortness of breath remain the most common symptoms, following fever or pneumonia.[@bib0011] ^,^ [@bib0012] In a study with 102 COVID-19 patients, serum level of cytokines as interleukin (IL)-6 and IL-10 were indicators of disease severity, showing that high levels of proinflammatory cytokine storm were associated with more severe disease development.[@bib0013] Some patients with COVID-19 had severe complications, including acute respiratory distress syndrome, cardiovascular conditions, multiple organ dysfunction syndromes, or septic shock. These complications are related to the release of cytokines and hyperinflammation or "cytokine storm syndrome"[@bib0014] ([Fig. 1](#fig0001){ref-type="fig"}). A person is more infectious in the initial phase when the symptomatology of the disease does not manifest itself with respiratory symptoms, and however, the pre-symptomatic transmission may play an important role.[@bib0007] Nevertheless, detecting SARS-CoV-2 infection in those without fever and/or respiratory symptoms is difficult because SARS-CoV-2 tests are not usually performed in infected people without these symptoms.Fig 1Illustrative model of SARS-CoV-2 infection and its association with the lung-gut-brain axis and microbiome dysbiosis. Angiotensin-Converting Enzyme II (ACE2) and transmembrane serine protease 2 (TMPRSS2) are expressed multiple human host tissues, including the esophagus, lungs, liver, kidneys, brain, colon, or small intestine epithelium. SARS-CoV-2 activates intestinal ACE2 receptors, induces inflammation (enteritis), and, ultimately, diarrhea. These tissues are the targets of SARS-CoV-2, which goes through an early phase of infection where a high viral load induces intestinal problems. At the same time, the microbiome dysbiosis takes place by altering the T and B cells of the intestinal immune system, as well as the activation of the enteric system that sends inflammatory signals to the circulatory current or other organs, including the brain. In the second phase of COVID-19 or a continuous phase where acute respiratory distress syndrome (ARDS) appears, the intestinal symptoms decrease, but the inflammation from the cytokines storm increases considerably. *Created with Biorender.com*Fig 1

In summary, a subset of the symptoms associated with COVID-19 during the initial phase are intestinal complications, such as vomiting or diarrhea. Detecting these symptoms might not only lead to slowdown in transmission but also open the door to novel treatments that could reduce the severity of COVID-19. More studies are necessary to interpret the phases of the disease correctly, and especially if the viral load detected is considered infectious, and how it is related to respiratory or gastrointestinal symptoms.

Clinical Characteristics of COVID-19 Patients With Digestive Symptoms and Intestinal Inflammation {#sec0003}
=================================================================================================

COVID-19 is an emerging infection that causes great concern about respiratory manifestations. Furthermore, diarrhea and other gastrointestinal symptoms are frequently observed in patients with COVID-19,[@bib0015] however the significance remains undetermined. A viral infection causes an alteration of intestinal permeability, resulting in enterocyte dysfunction.[@bib0016], [@bib0017], [@bib0018], [@bib0019], [@bib0020], [@bib0021], [@bib0022] When we investigate what happened with another coronavirus, we found that diarrhea was a frequent symptom in severe acute respiratory syndrome (SARS) patients, occurring in 40%.[@bib0023] Intestinal problems were also associated with the severity of the infection. Patients with diarrhea had an increased need for respiratory assistance and intensive care. SARS-CoV was also identified in ileal and terminal colonic biopsies.[@bib0023] Regarding Middle East respiratory syndrome (MERS), several studies showed the presence of diarrhea between 14% and 50% of known cases.[@bib0024], [@bib0025], [@bib0026] However, a less severe prognosis of the disease was observed in MERS patients with gastrointestinal symptoms.

The first results linking intestinal problems with COVID-19 were obtained from patients in Wuhan, China. Two hundred four patients with COVID-19 presented at three hospitals indicate that the majority of COVID-19 patients had typical respiratory symptoms. However, many patients infected with the coronavirus complained of digestive symptoms, such as diarrhea.[@bib0027] There is no evidence on the efficacy of antidiarrheal drugs, but adequate rehydration and potassium monitoring were performed as in all COVID-19 patients. Thus, diarrhea should generate awareness of a possible SARS-CoV-2 infection and should be investigated to reach an early diagnosis of COVID-19. This factor should be considered when suspecting whether the patients are infected, instead of waiting for respiratory symptoms to appear, which would give us an earlier diagnosis. Patients with COVID-19, specifically those with digestive symptoms, remained a long time from onset to hospital admission and a worse clinical outcome, compared to patients who did not suffer from these symptoms.[@bib0027] Likewise, patients with digestive symptoms had an average time of 9 days from the onset of symptoms until admission, while patients with respiratory symptoms had an admission time of 7.3 days.[@bib0027] This may indicate that those with digestive symptoms waited longer to be diagnosed in the hospital, as they did not suspect they were SARS-CoV-2 positive in the absence of respiratory symptoms. Authors also state that patients with digestive symptoms presented clinical manifestations such as anorexia, diarrhea, vomiting, or abdominal pain. As the severity of the disease increased, gastrointestinal symptoms became more pronounced, but especially the high percentage, 83%, of patients admitted with symptoms of anorexia.[@bib0027] One study indicated that COVID-19 patients experienced gastrointestinal symptoms such as diarrhea (24.2%), anorexia (17.9%), and nausea (17.9%).[@bib0021] However, the underlying pathophysiology gastrointestinal is not well understood. Another study analyzed 73 hospitalized patients, and some of them showed mild initial gastrointestinal symptoms, such as diarrhea, nausea, vomiting, and abdominal pain, which preceded the characteristic fever, and respiratory problems such as dry cough. Diarrhea was reported in 26 patients, and the fecal test remained positive until 12 days after the disease onset; in 17 patients (23.3%), the stool test was still positive despite negative respiratory tests.[@bib0028] In another study of 206 patients with low severity of COVID-19, including 48 presenting digestive symptoms alone, showed that patients with gastrointestinal symptoms had a longer duration between symptom onset and viral clearance and fecal virus-positive than those with respiratory symptoms.[@bib0029] A systematic meta-analysis showed results from clinical studies with an incidence rate of diarrhea from as low as 2% and up to 50% of the positive cases.[@bib0030] How is this disparity in the data possible? More clinical studies are required to elucidate the percentage of COVID-19 patients who develop intestinal symptoms and if these depend on other factors such as age, gender or other comorbidities.

Gastrointestinal symptoms are accompanied by inflammation or intestinal damage. There is a loss of intestinal barrier integrity and gut microbes that can activate innate and adaptive immune cells to release proinflammatory cytokines into the circulatory system, leading to systemic inflammation. Some intestinal signaling pathways can regulate inflammation through dendritic cells ([Fig 1](#fig0001){ref-type="fig"}). Immunomodulation of the innate host immunity through the activation of epithelial receptors could represent a novel therapeutic target to eliminate SARS-CoV-2 in the early stage of the infection.[@bib0031] The viral load of coronavirus appeared in the feces of 54% of the infected patients.[@bib0032] An interaction between viral shedding of SARS-CoV-2 in stool has been reported, but its association with infection was yet to be determined. Identifying fecal coronavirus RNA may also lead researchers to ask new questions, is there transmission of the coronavirus found in fecal samples? What these researchers found is the presence of the coronavirus in the stool, but there is controversial studies about if viral load was infectious nor examples of transmission. Previously, a study involving 191 patients with COVID-19 reported that the median duration of viral shedding was 20 days in survivors (range, 8--37 days). Cultivable SARS-CoV-2 was detected in stool or urine specimens for longer than 4 weeks in three convalescent patients (29--36 days), suggesting that it may remain viable.[@bib0033] Contradictorily, high SARS-CoV-2 titres detectable in the first week of illness with an early peak observed at symptom onset to day 5 of disease.[@bib0009] ^,^ [@bib0034], [@bib0035], [@bib0036] Although SARS-CoV-2 RNA shedding can be prolonged, the duration of a viable virus is relatively short-lived.[@bib0037]

The presence of SARS-CoV-2 (including the virus with infectious capacity) in the feces of asymptomatic individuals implies that COVID-19 could be transmitted through the fecal route.[@bib0038] SARS-CoV-2 shedding in stool samples is detectable over a longer period than in nasopharyngeal swabs. Donors for fecal microbiota transplant for SARS-CoV-2 must be strict and validated to prevent the potential risk of transmission.[@bib0039] The results show that the elevated levels of fecal calprotectin in patients with COVID-19 add to the growing evidence that SARS-CoV-2 infection causes an inflammatory response in the intestine.[@bib0040] Calprotectin concentrations were significantly higher in COVID-19 patients who had suffered from diarrhea and with more elevated serum IL-6 levels. In the diagnosis and especially in the follow-up of COVID-19-related diarrhea, the calprotectin measurement could play a potential role in monitoring the disease. Also, diarrhea may be secondary to virus-induced inflammation, which in turn is due to the entry of inflammatory cells into the intestinal mucosa, including neutrophils and lymphocytes, and thus disruption of the gut microbiota. Viral SARS-CoV-2 particles were detected in feces during the second phase of COVID-19, accompanied by a decrease in the peak of inflammation. Therefore, COVID-19-related inflammatory diarrhea was associated with reduced levels of fecal SARS-CoV-2 RNA.[@bib0028] However, intestinal damage can manifest after respiratory symptoms, as reported in a clinical case, there may be a pathogenic role of SARS-CoV-2 on the gastrointestinal system.[@bib0041] In Zheijiang (China), it was detected that half of the COVID-19 patients tested positive for reverse transcription polymerase chain reaction (RT-PCR) in their feces, and intestinal microbial dysbiosis was also identified. Viral strains were isolated from feces, indicating potential infectiousness of feces.[@bib0042] ^,^ [@bib0043] Another analysis conducted from 17 studies in China, United States, and Singapore had also detected SARS-CoV-2 RNA in fecal specimens of patients at an average of 43%. This percentage is according to their clinical forecast, intestinal problems, or with more severe disease.[@bib0044]

Furthermore, the fecal test for SARS-CoV-2 RNA also bears a potential implication for physicians to decide the subsequent isolation strategies for those with positive fecal samples. The possibility of the fecal-oral route of transmission of SARS-CoV-2 should be investigated. All candidates for fecal microbiota transplantation and healthy donors should be screened for the virus.[@bib0045] One could consider studies on the gut microbiome and its therapeutic role in transplanting feces in healthy donors to critically ill COVID-19 patients. Still, precautions should be taken because infectious SARS-CoV-2 particles are known to have been found in COVID-19 positive feces. The use of fecal transplants could be one of the immediate solutions in critically ill patients with a weakened immune system.

SARS-CoV-2 Interaction With Intestinal ACE2 Receptors {#sec0004}
=====================================================

SARS-CoV-2 enters cells primarily through binding of protein S to Angiotensin-Converting Enzyme II (ACE2) receptors to infected cells.[@bib0046] The central role of ACE2 in the cleavage of angiotensin I to angiotensin II, a peptide involved in vascular homeostasis, vasomotor tone, and blood pressure regulation.[@bib0047], [@bib0048], [@bib0049], [@bib0050] ACE2 receptors are expressed in various human cells susceptible to viral infection, including epithelial cells in the lungs, small intestine and colon, tubular cells of the kidney, neuronal and glial cells in the brain, enterocytes, vascular endothelial cells, smooth muscle cells and cardiomyocytes.[@bib0051], [@bib0052], [@bib0053], [@bib0054] A recent study has reported on the expression pattern of ACE2 across more than 150 different cell types corresponding to all major human tissues and organs based on rigorous immunohistochemical analysis.[@bib0055] SARS-CoV-2 also uses the receptors for transmembrane protease serine 2 (TMRPSS2), an enzyme that is also expressed in the small intestinal epithelial cells[@bib0030] to entry to the infected cells ([Fig 1](#fig0001){ref-type="fig"}). The SARS-CoV-2 activity could cause ACE2 modifications in the gut that increase susceptibility to intestinal inflammation and diarrhea. A high co-expression of ACE2 and TMPRSS2 was detected in enterocytes, and the esophagus and lungs.[@bib0046] The co-expression of ACE2 and TMPRSS2 transcripts was highest in the small intestine, with 20% expressed in enterocytes and 5% in colon cells, as demonstrated by a single-cell RNA sequencing study in the gastrointestinal tract.[@bib0056] ACE2 is not only playing an essential role in intestinal inflammation but also have a significant impact on the composition of the intestinal microbiota.[@bib0057] ACE2 knockout mice have been shown to have decreased expression of antimicrobial peptides and exhibited altered intestinal microbial composition, which is restored by the administration of tryptophan.[@bib0058] Likewise, it is known that there is a connection of transport of ACE2 amino acid with microbial ecology in the gut during SARS-CoV-2 infection.[@bib0059] In another recent study using gnotobiotic (germ-free) rats was observed a decrease in ACE2 expression in the colon, that contributed to the pathology during COVID-19.[@bib0060] There are numerous studies that have shown that by regulating the renin-angiotensin system (RAS), which includes ACE2, one can modulate systemic inflammation.[@bib0061] Angiotensin II receptor blockers are widely used compounds that are therapeutically effective in cardiovascular disorders, renal disease, metabolic syndrome, and diabetes.[@bib0061] Under normal healthy conditions, homeostasis of RAS-ACE2 occurs,[@bib0062] while a perturbation to this system is observed in cardiovascular disease, hypertension, and diabetes mellitus.[@bib0063], [@bib0064], [@bib0065] A reduction of ACE2 is associated with hypertension, diabetes, and cardiovascular problems, which represent the significant comorbidities of COVID-19.[@bib0066] SARS-CoV-2 may potentially further upregulate RAS in cardiovascular patients and deplete ACE2. Downregulation of ACE2 levels in tissues has been linked to viral replication efficiency and pathogenicity,[@bib0067] leading to the imbalance of positive and negative regulation of RAS. RAS-ACE2 imbalance in COVID-19 may greatly exacerbate tissue inflammation and may contribute to more adverse COVID-19 outcomes in patients with pre-existing cardiovascular disease and other comorbidities. ACE2 receptors may represent a target for COVID-19 treatments[@bib0068] in patients with cardiovascular risk burden susceptible to conditions that worsen asymmetries in RAS/ACE2. However, suppression of ACE2-protective roles due to ACE2 depletion upon SARS-CoV-2 infection is very likely to uphold the poor outcomes observed in COVID-19 patients, especially in those with preexisting conditions. ACE2 also displays non-RAS-related roles linked with neutral amino acids transport and gut homeostasis. ACE2 has been implicated in the intestinal epithelium regulation of gut microbiota composition and function.[@bib0069] In summary, ACE2 imbalance is likely a key player for the poor outcomes in the COVID-19 patients with preexisting comorbidities and addresses a possible link for gut microbiota dysbiosis in this interplay.

The Effects of COVID-19 on the Gut Microbiome {#sec0005}
=============================================

Primary inflammatory stimuli trigger the release of microbial products and cytokines, which can cause microbial dysbiosis that can induce an inflammatory environment, releasing intestinal cytokines into the circulatory system, increasing the systemic inflammation of COVID-19. Taken together, a combined inflammation can potentially initiate an immune reaction that can create even more harm than the virus itself. It is necessary to know the host cytokine pathways and microbiota interactions with cytokine responses in SARS-CoV-2 infection to develop novel treatment approaches. It is essential to investigate how intestinal bacteria interact in response to SARS-CoV-2 infection.

Among COVID-19 patients, an increase of a blood proteomic risk score (PRS) was associated with a risk of becoming a clinically severe infection. A recent study has shown more than 20 proteins in blood-related to the severity of COVID-19.[@bib0070] These proteins included immune factors that are elevated during systemic inflammation, such as C-reactive protein (CRP). Correlations between PRS and the intestinal microbiome might be associated with the severity of COVID-19. This new analysis would allow us to predict if the patient would develop more severe symptoms in the next days or weeks after the infection. *Ruminococcus gnavus* was identified in COVID-19 patients and positively correlated with inflammatory markers, while *Clostridia* was negatively correlated.[@bib0070] Another small study of 15 patients hospitalized in Hong Kong has served to establish a gut microbiome profile in association with COVID-19 severity and changes in fecal shedding of SARS-CoV-2.[@bib0071] Through the application of in-depth shotgun metagenomics analysis, the authors investigated longitudinal changes of the gut microbiome in COVID-19. The abundance of *Coprobacillus, Clostridium ramosum*, and *Clostridium hathewayi* correlated with COVID-19 severity, and it was observed an inverse correlation between the abundance of *Faecalibacterium prausnitzii* (an anti-inflammatory bacterium). During the hospitalization time, were detected in COVID-19 patients; *Bacteroides dorei, Bacteroides thetaiotaomicron, Bacteroides massiliensis*, and *Bacteroides ovatus*, which downregulate the expression of ACE2 in the murine gut, correlating inversely with SARS-CoV-2 load in fecal samples.[@bib0071] This study opens the doors to possible interventions for gut microbiota in hospitalized patients to reduce the severity of COVID-19. Another study of just 10 patients showed that the gut bacteria was associated with fecal SARS-CoV-2 load. The gut microbiome remained substantially different in hospitalized patients from that of healthy controls. A total of 14 bacterial species were identified to be significantly associated with the fecal viral load of SARS-CoV-2 across all fecal samples.[@bib0072] This does not indicate that the gut microbiome is affected for long periods after recovery, and future therapeutic interventions would be necessary.

SARS-CoV-2 was detected in feces of 15 hospitalized patients with COVID-19, and the viral transcriptional activity was analyzed to determine the infectivity range associated with the gut microbiome. Fecal samples with a signature of high SARS-CoV-2 infectivity had higher abundances of bacterial species *Collinsella aerofaciens, Collinsella tanakaei, Streptococcus infantis, and Morganella morganii*. In contrast, fecal samples with a signature of low-to no SARS-CoV-2 infectivity had higher abundances of short-chain fatty acids (SCFA) producing bacteria, *Parabacteroides merdae, Bacteroides stercoris, Alistipes onderdonkii, and Lachnospiraceae bacterium.* [@bib0073] However, live SARS-CoV-2 was not isolated from the feces COVID-19 patients. Another study of 30 COVID-19 patients showed a significantly reduced bacterial diversity, and a higher relative abundance.[@bib0074] They compared these results with 25 influenza A virus subtype H1N1 patients who showed lower bacteria diversity compared with COVID-19 patients. Specific microbial signatures were identified in COVID-19 patients, which could help identify biomarkers that differentiate them from influenza A patients when there is a coinfection.[@bib0072] Despite this, the phases of the disease were not established in this study.

Furthermore, in another study with 62 COVID-19 patients was found a reduced alpha diversity in microbes.[@bib0075] The metatranscriptional analysis revealed that there were 36 differentially genes associated with immune pathways and cytokine signaling related to the diagnosis and severity of COVID-19, such as interferon-gamma signaling.[@bib0074] Despite reporting interesting patterns, the studies mentioned above are not without limitations. The bioinformatics analysis employed in these studies does not guarantee species-level nor strain-level bacterial identification. Furthermore, no longitudinal analysis has been performed with the same patients to determine if these bacteria change after recovery from COVID-19. More studies that prospectively include infected but asymptomatic subjects, positive for SARS-CoV-2 but with different symptoms, would be necessary to establish a correlation with microbial markers or their products. Monitoring early in the disease, during early onset of COVID-19 and over the long-term will help to delineate the role of changes in the microbiome will be critically important to elucidating this connection further. Another major limitation is the small number of patients, and the absence of information about microbial changes in the context of COVID-19 that define broad groups of the population stratified by geography, ethnicity, gender, and/or age. To date, there are no metabolomics, or metaproteomic studies exploring the products of these bacteria and their function. By identifying microbial metabolites associated with COVID-19, we can understand what components these bacteria produce during COVID-19 that help us understand the influence of the communication pathways of the microbiota-gut-periphery axis relevant to the association between SARS-CoV-2 and hyperinflammation. Moreover, more studies investigating the correlation between SARS-CoV-2 and gut inflammation are necessary, including histopathology and molecular diagnostic assessments.

Comorbidities as Risk Factors for COVID-19 Associated With Loss of Microbial Diversity {#sec0006}
======================================================================================

SARS-CoV-2 can infect people of all ages, but older adults and people with preexisting medical conditions appear to be more vulnerable to becoming seriously ill.[@bib0076] There are many hypotheses as to why this occurs. Still, one of the factors could be the loss of microbial diversity associated with aging and, with it, higher susceptibility to inflammation. Comorbidities play an essential role in determining the risk of severe complications and death after COVID-19 infection. COVID-19 comorbidities and risk factors include asthma, hypertension, smoking, male gender, or Alzheimer\'s disease or dementia.[@bib0077] Changes in gut microbiota have been previously linked to all of these comorbidities, and this dysregulation could also be associated with changes in the immune system and the susceptibility to suffer more severe consequences of COVID-19 and gender-related differences in vulnerability to complications of COVID-19. Our microbiome changes as we age, which favors less diversity and a more significant inflammatory state. COVID-19 appears to be more dangerous in older people, men, and with comorbidities.[@bib0078] The gut microbiota evolves during human life.[@bib0079] The infant microbiota shows reduced diversity and will remain unstable for the first few years of experience until it becomes an adult-like microbiota.[@bib0080] The gut microbiota within an individual is considered stable throughout adult life.[@bib0081] In the elderly, gut microbiota diversity decreases, and dysbiosis increases and is associated with cognitive deficits, depression, and inflammatory markers.[@bib0082] A change that is found repeatedly in the microbiota of the elderly is the decrease in the ratio of *Firmicutes* to *Bacteroidetes*.[@bib0081] ^,^ [@bib0083], [@bib0084], [@bib0085] Decreased bacterial diversity, as well as lower levels in specific bacterial groups, have also been observed in very elderly.[@bib0084] ^,^ [@bib0086] ^,^ [@bib0087] At the genus and species level, the findings vary significantly between studies, although *Bacteroides, Clostridium, and Lactobacillus* appear recurrently altered in elderly individuals. Tragically, a high rate of COVID-19 fatalities is associated with groups of people over 80 years old.[@bib0088] The causes may be the inability to overcome the infection, the weakness of the immune system, and the reduced microbiome diversity, causing the coronavirus to strongly attack this group of the population, causing a higher mortality rate. Another recent study has found significant associations between dietary patterns and measures of gut microbial composition in older men,[@bib0089] the group of the population with the highest mortality rate from COVID-19.

Obesity is also associated with changes in the intestinal flora[@bib0090] ^,^ [@bib0091] and is another risk factor in the severity of COVID-19[@bib0092], [@bib0093], [@bib0094]; therefore, another comorbidity in adults[@bib0095] and children.[@bib0096] In the United States, at least 25% of patients who die from COVID-19 have obesity, which is similar to the reported rates of cardiovascular disease in the same high-risk group (21%).[@bib0097] It is necessary to study the relationship between obesity and the severity of the COVID-19 disease. Adipose tissue can serve as a reservoir for the spread of SARS-CoV-2, virus clearance, and systemic immune activation.[@bib0098] Adipocytes in obese patients express higher levels of ACE2,[@bib0099] and a reduction or elimination of already inflamed adipose tissue can reduce systemic viral spread, viral entry, and prolongation.[@bib0100] In obese individuals, a marked dysregulation of myeloid and lymphoid responses within adipose tissue, is associated with dysregulation of cytokine profiles. Obese patients also have heightened levels of proinflammatory adipokines, leukotrienes, chemerin, among others, which may exacerbate their risk for cytokine storm syndrome and death.[@bib0101] Alterations in the immune system result in changes in the intestinal flora, and coronavirus infection also induces bacterial changes that may alter the gut-brain axis. The intestinal flora plays a critical role in the regulation of neurological functions such as depression or anxiety.[@bib0102] Surely the results of these studies allow us to know what the role of intestinal flora is in COVID-19 and its relationship with neurological problems at long term.[@bib0103], [@bib0104], [@bib0105]

Furthermore, diabetes is another disease associated with increased severity of symptoms and complications of COVID-19, and this can be attributed to systemic inflammation and gut-metabolite dysfunction.[@bib0106] Individuals suffering from cardiovascular disease who become infected with SARS-CoV-2 are at increased risk of developing a worse prognosis of COVID-19 and also develop cardiovascular complications, including myocardial infarction, arrhythmias, stroke, or heart feature or myocardial suppression.[@bib0107] Cardiovascular disease is accompanied by an imbalance of gut microbiota and a decreased microbiome diversity.[@bib0108], [@bib0109], [@bib0110] Hypertension is likely to be influenced by diet, lifestyle factors, and microbiome.[@bib0111] Notably, an increase in SCFA was previously associated with decreased blood pressure and improved arterial compliance.[@bib0112]

Changes in the Gut Microbiota Composition Through Diet to Deal With COVID-19 {#sec0007}
============================================================================

The impact of dietary patterns on susceptibility to and severity of infection with the SARS-CoV-2 virus has been largely ignored to date. The commensal microbiome forms a dynamic environment that can be altered and cause dysbiosis from virus infection but can be positively modulated by diet components and probiotic treatments.[@bib0113], [@bib0114], [@bib0115] Several studies show than an optimal immune response depends on proper diet and nutrition to control SARS-CoV-2 infection.[@bib0071] ^,^ [@bib0116] In general, malnutrition can compromise the immune response, therefore affecting the vulnerability of the response to COVID-19. Consideration of the dietary and nutritional components, the factors during viral infection, can serve to strengthen the immune system for the prevention of infections, and a meaningful and balanced basis for an immune response is an adequate and balanced diet. Intake of a sufficient amount of protein is crucial for the production of antibodies. Also, a low level of vitamin A or zinc has been associated with an increased risk of infection. Branched-chain amino acids can maintain the hairy morphology of the intestines and increase intestinal immunoglobulin levels, thereby improving the intestinal barrier.[@bib0117], [@bib0118], [@bib0119] Therefore, high-quality proteins are an essential component of an anti-inflammatory diet. Nutritional dietary components known to exert anti-inflammatory and antioxidant properties include omega-3 fatty acids with high anti-inflammatory and antioxidant capacity, including vitamin C, vitamin E, and phytochemicals such as carotenoids and polyphenols that are widely present in plant-based foods.[@bib0120], [@bib0121], [@bib0122], [@bib0123] Undoubtedly, omega-3 fatty acids appear to have the most potent anti-inflammatory capability. Several of these components can interact with cellular signaling components related to anti-inflammatory and antioxidant effects. An optimal state of proper nutrients to be capable reduces inflammation and oxidative stress, thus strengthening the immune system to protect us from the severity of COVID-19.[@bib0124], [@bib0125], [@bib0126], [@bib0127], [@bib0128], [@bib0129]

There is much evidence linking vitamin D levels in the immune response to infection and the severity of COVID-19 reactions, as well as mortality. A study of older men with pre-existing conditions and below-normal vitamin D levels was associated with 13 times more likely to die of COVID-19. An adjustment in Vitamin D levels in the intake would also strengthen the immune system.[@bib0130], [@bib0131], [@bib0132], [@bib0133], [@bib0134], [@bib0135], [@bib0136] Plant-based fiber has prebiotic effects such as promoting the growth of bacteria that are associated with health benefits, such as *Bifidobacterium and Lactobacillus spp*. Moreover, reduce potential pathogens such as *Clostridium spp*. Adequate fiber intake has been shown to decrease the relative risk of mortality from infectious and respiratory diseases by 20%--40% and was associated with a lower risk of chronic obstructive pulmonary disease.[@bib0137] Intake of whole grains is also a more favorable intestinal microbiome composition, which reduces intestinal and systemic inflammation, and has been associated with a decrease in CRP, IL-6, and tumor necrosis factor alpha (TNF-α). The fiber found in foods such as fruits, vegetables, or legumes has been associated with anti-inflammatory properties through fermentation by gut microbiota and the consequent formation of beneficial metabolic compounds. The metabolic subproducts produced by these bacteria, SCFA, together with acetate, propionate, butyrate, have anti-inflammatory properties ([Fig 1](#fig0001){ref-type="fig"}). SCFAs bind to receptors on immune cells, suppress the production of pro-inflammatory cytokines, increase the production of anti-inflammatory cytokines such as IL-10 and antioxidant enzymes.[@bib0138], [@bib0139], [@bib0140] SCFAs also enhance the effector activity of CD8+ T cells by stimulating cellular metabolism ([Fig 1](#fig0001){ref-type="fig"}).[@bib0141]

Gut microbiota-based approaches to reduced severity of the COVID-19 {#sec0008}
===================================================================

We must gain more knowledge in understanding the pathogenesis associated with SARS-CoV-2 infection and its effect on the gut microbiota. Healthy gut microbiota is rich in *Bifidobacterium* spp.*, Faecalibacterium* spp.*, Ruminococcus* spp. *And Prevotella* spp.[@bib0142] That has been associated with low systemic inflammation. Probiotics are live microorganisms or beneficial bacteria that are used as a benefit for the health of the host, modulating the composition and function of the intestinal microbiota. The use of prebiotics and probiotics to regulate the balance of the intestinal flora could be an effective treatment to reduce the risk of bacterial and viral infections.[@bib0143] It would also be useful to investigate the effect of high-fiber diets and/or probiotics on the outcome of SARS-CoV-2 infection. Design treatments for COVID-19 would be based on the administration of both probiotics and prebiotics, or nutrients that would replace the absent bacteria, thus preventing the risk of systemi infection. As it was described above, COVID-19 patients with intestinal microbial dysbiosis were detected in a study in Zheijiang (China), suggesting that a supportive nutritional therapy should be applied to these patients.[@bib0042] ^,^ [@bib0043] China\'s National Health Commission recommended the use of probiotics for the treatment of patients with severe COVID-19 to preserve intestinal balance and to prevent secondary bacterial infections.[@bib0144] The impact of probiotics should also be investigated in COVID-19, as some may help by interacting with the intestinal microbiota and modulating the immune system. It remains to be determined whether the detected changes in the bacterial flora may be indicative of the patient\'s susceptibility to the progression of the more severe disease or could even be modified to reverse the infection. Gut microbiota could represent a new therapeutic target and that probiotics could have a role in the management of COVID-19 patients. However, there is currently no evidence that can associate the efficacy of the use of probiotics in reducing symptoms or time of hospitalization. With an adequate probiotic cocktail, the inflammatory response resulting from SARS-CoV-2 infection could be significantly reduced, and we would reduce its severity. Despite this, not all probiotics have the same effect in each person, and the interaction of the administered bacterial microbes with the resistance should also be analyzed to have under control a harmonious interaction between both. Although we do not know if we are infected or if our intestinal flora has changed after infection, we should consider switching to an anti-inflammatory diet as preventive measures. Therapeutics with defined microbes will offer greater confidence in the power of the treatments, as well as risk mitigation for improved patients. Possible considerations for using the gut microbiome in COVID-19 as a diagnosis or therapeutic tool have not yet been explored.

Concluding Remarks {#sec0009}
==================

Despite hundreds of scientific publications and all the efforts in COVID-19 research over the past eight months, we still have many questions about the disease and effective treatment strategies. The vast number symptom-free transmitters of COVID-19, so-called silent, pre-symptomatic or asymptomatic individuals, makes this pandemic challenging to control. Therefore, identifying the symptoms and the different phases of the infection is a complicated but necessary task to slow expansion before the arrival of effective vaccines. Paying attention to intestinal symptoms and modifying or engineering intestinal microbes or their metabolic products in response to COVID-19, may represent useful therapeutic alternatives. If we uncover the mechanisms of entry of the coronavirus into the intestinal tract, and especially when we better understand disease progression, we will be able to design new treatments-based targeting gut microbiota that may be able to alleviate or reverse the results of the COVID-19. In our search for an immediate solution to the dysregulation of the immune system of COVID-19 patients, it would be to understand the characteristics of immunity associated with changes with the intestinal flora. In conclusion, analyzing the gut microbiome in the context of COVID-19, and exploring its modulation through diet, prebiotics, probiotics, or fecal transplants warrants further investigation.
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